Broad transcriptomic sequencing of eukaryotes has revealed the ubiquity of splicing of nuclear genes. While the vast majority of splicing events join segments of the same RNA transcript, various studies have found a few intriguing cases of trans--splicing of introns, in which splicing events within protein coding regions join segments of different RNA transcripts. The most structurally intricate case known involves the bursicon gene in mosquitos, in which an internal exon is encoded at a distinct locus, requiring multiple trans-splicing events form the mature mRNA. This arrangement is known to be ancestral to mosquitos, however the exact timing of the origin of trans-splicing and the history of the bursicon gene within mosquitos is unknown. Taking advantage of the recent availability of genomes from various Anopheles mosquitos and from relatives of mosquitos, I determined trans versus cis encoding of bursicon across Culicomorpha. I conclude that trans-splicing emerged in the last common ancestor of mosquitos, and that trans-splicing has been retained in all 19 studied Anopheles species. The retention of trans--splicing could indicate functional importance of this arrangement, or could alternatively reflect the rarity of mutations giving rise to viable allelic alternatives.
spliceosomal reactions occur between the two RNA species, one joining the 3' end of exon 2 to the 5' end of exon 3 and the other joining the 3' end of exon 3 to the 5' end of exon 4 ( Figure 1a ). This arrangement is known to be ancestral to mosquitos as it is found in the divergent species Anopheles gambiae, Aedes aegypti and Culex pipiens (Robertson et al. 2007 ). However, the timing of the origin of this arrangement, and its evolutionary history within other lineages of mosquitos, remain obscure.
To trace the history of the bursicon gene, I downloaded recently available genomes from various mosquitos and related species (Vicoso and Bachtrog 2015; Neafsey et al. 2015) . First, I downloaded species within the very ancient genus Anopheles (dating back 100My; see Neafsey et al. 2015) and performed TBLASTN searches of the A. gambiae bursicon protein sequence against each species' genome. For all 15/19 searched species, sequences with very high levels of protein--level similarity to exons 3 and 4 of A.gambiae bursicon were found on different DNA molecules, consistent with a pattern of trans--splicing similar to that found in previously characterized mosquitos. For the other 4 species, a single hit was found to exon 3, but no sequence (either proximal or distal to the exon 3 hit) was found for exon 4. One possible explanation for this pattern is that the exon 4 sequence is not represented in the current genome assembly. For no species did I find a sequence homologous to exon 2, possibly because exon 2's function in encoding a signaling peptide gives it a higher degree of protein sequence flexibility (and thus rate of evolution). All these results are consistent with retention of the A.gambiae trans-splicing pattern across Anopheles species.
To trace the origins of the trans--splicing arrangement in mosquitos, I downloaded the genomes of five related species within the larger infraorder Culicomorpha. TBLASTN searches of the A.gambiae bursicon protein gave clear hits for four of the five genomes. Figure 1d shows the phylogeny of the studied species. For all cases, sequences homologous to exon 3 and exon 4 appeared on the same genomic DNA molecule in the order expected for co--linear transcription within a single molecule. For all cases, intervening sequences between the exon 3 and exon 4 regions contained stop codons or frameshifts, strongly suggesting the presence of a cis--spliced intron at or near the position of the trans--spliced intron in mosquitos. This suggests that trans--splicing evolved in the ancestor of mosquitos.
Concluding remarks
It is striking that the peculiar arrangement of the trans--spliced bursicon gene has been independently retained in a wide variety of mosquitos. Conservation is often taken as evidence of function, and the possibility that the trans--spliced arrangement imparts a function that could not be accomplished by a cis--spliced form is enticing. However, an important alternative is that production of viable cis--spliced alternatives by random mutation is an extremely rare occurrence. Reinsertion of exon 3 into the genomic region between exons 2 and 4 would require a very precise non--homologous double recombination, and even then might lead to mis--splicing due to disruption of splicing signals or to disrupted functioning of splicing signals in cis. Another possibility is retroposition of a spliced mRNA at a third genomic locus, however such a gene would likely lack various intronic and upstream regulatory motifs, and thus might not be able to replace the ancestral function. Robertson (2007) . Two pre--mRNA transcripts are produced, one from chromosome 2L and one from chromosome 2R. The former contains three exons (1,2 and 4, with exon 1 encoding the 5' UTR and exon 4 encoding the C--terminus of the protein and the 3' UTR), and the latter contains one exon (exon 3). The mature message is created by three splicing reactions including two joining portions of the two pre--mRNA transcripts. B. Alignment of the A. gambiae bursicon protein with homologous sequences for the 19 species of Anopheles mosquito characterized here. For each species for which sequence homologous to both exon 3 and exon 4 were found, they were found on different DNA molecules, suggesting trans--splicing. C. Alignment of the A. gambiae bursicon protein with homologous sequence on contig JXPH01093764.1 in the M. cinctipes genome, showing cis orientation of exons 3 and 4 and an intervening putative intron with gt…ag splice boundaries and in--frame stop codons. D. Phylogeny of studied species within the infraorder Culicomorpha, showing species with evidence for trans or cis encoding of bursicon. 
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